Introduction
Through observational learning, children actively imitate attitudes and behaviors that their parents may not have intentionally tried to teach them (Bandura and Huston 1961) . Over the last several decades, the strong association between unintentionally taught negative parenting behaviors and the continuity of these behaviors in future generations has become an issue of great concern to researchers, policy makers, and family and child practitioners (e.g., Bailey et al. 2009 , DuMont et al. 2008 , Neppl et al. 2009 , Seay et al. 2016 . As a result, research regarding the intergenerational transmission of caregiving behaviors has focused on abusive child-parent relationships and the generational effects of harsh parenting (Simons et al. 1991) .
These studies show that there is intergenerational continuity in parenting behavior (Putallaz et al. 1998) and that mothers and fathers communicate their parenting beliefs indirectly through their parenting practices (i.e., beliefs about physical discipline are conveyed through threats and corporal punishment; Simons et al. 1993 , see also Schofield and Weaver 2016) . However, one limitation of the traditional approach is the difficulty of determining the developmental trajectory of intergenerational transmission. For example, at what age do children first demonstrate intergenerationally-transmitted behaviors? How do we measure these behavioral changes in real time? A second limitation is that intergenerational methodologies primarily focus on the parent and not the real-time learning of the child.
Despite these limitations, intergenerational transmission studies which take into account the long-term effects that parenting behaviors have on children suggest that children use the negative parenting behaviors of their parents as models for their own parenting behaviors (Serbin and Karp 2003) . These studies generally focus on the behavioral and cognitive problems that result from learning negative behaviors and fail to address the mechanisms that lead to the transmission of these behaviors; nor do they address how constructive parenting behaviors affect children. Furthermore, because many intergenerational transmission studies focus on young adults (Chen and Kaplan 2001) and are retrospective (Simons et al. 1991) , they require individuals to think back to their childhood experiences and extrapolate the trajectory of their current parenting behaviors. Thus, it is difficult to assess the real-time processes by which caregiving behaviors are acquired. In contrast, the current study addresses these issues by using infant-sibling interactions as a mechanism for examining the development and intergenerational transmission of caregiving behaviors. Secondly, we focus specifically on constructive caregiving behaviors -an area of which we have limited knowledge.
According to social learning theory, children learn their behaviors from important adults with whom they identify (e.g., parents; Huston 1961, Bandura et al. 1961) . Given that social learning theory is applicable to the intergenerational transmission of parenting behaviors -and that children who live in a household with a parent and an infant sibling are provided with numerous opportunities to observe how the infant-caregiver dyad interact -the result of these observations should be manifested in proximal infant-sibling interactions in which the child models his or her caregiver. Proximal interactions are interactions that occur when participants occupy the same space and are able to see each other. Due to the physical nearness of participants, proximal interactions provide the opportunity to assess caregiver responses sequentially as they relate to the behavior of the infant. Furthermore, these responses are dependent on the actions of both the parent and the infant; the actions of one are influenced by the actions of the other. Because responses are measured in real-time (as opposed to retrospective), the development of caregiving behaviors in older siblings can be studied in detail without being subject to retrospective memory limitations.
Proximal Interactions and Siblings
Unlike other categories of caregiving behaviors, proximal response behaviors can also be used to assess how siblings respond to infants. For example, the use of the categories authoritarian, authoritative, permissive, and neglectful (Baumrind 1991) may be helpful for categorizing caregiving behaviors. However, as ways to define an infant-sibling interaction, use of these categories is inappropriate because they: 1) imply that caregiving behaviors are stable over time (i.e., there is no developmental change of caregiving behaviors) and 2) suggest that a sibling is responsible for disciplining an infant. In contrast, the proximal approach allows for changes in caregiving behaviors. It does not assume that caregiving behaviors are unidirectional and that only the caregiver's responses are important for analyzing caregiving behaviors. Instead, the proximal approach takes into account how the infant's behavior affects the caregiving response as well as how that response shapes the infant's subsequent behavior; it is a bidirectional model, which accounts for infant effects.
Three aspects of proximal parenting behaviors -promptness, contingency, and appropriateness -have been shown to impact the language learning of 9-and 13-month-old infants (Tamis-LeMonda and Bornstein 2002, see also Haebig et al. 2013) . Promptness is the latency of the caregiver's response to infant vocalizations. A contingent caregiver response is one that is dependent on the infant's behavior at a specific point in time during a period of shared attention. Appropriateness refers to a positive response that is relevant to the infant's behavior (e.g., an infant picks up a ball and the parent labels the toy as "ball"). This proximal approach can also be used to track the trajectory of the development of caregiving behaviors. Together, these three behaviors comprise what we will hereafter refer to as a responsive behavior (i.e., a responsive behavior is a caregiving response that is prompt, contingent, and appropriate to the infant's previous behavior).
During live interactions, the promptness, contingency, and appropriateness of sibling responses can be observed and thus provide more specific and reliable measures of the caregiving behaviors of siblings over time. Furthermore, these proximal mechanisms can be studied in children of different ages and used to construct a timeline of the development of caregiving behaviors. By identifying the mechanisms of intergenerational transmission, one can determine which caregiving behaviors facilitate the learning of both positive and negative behaviors as well as how, and when, children of different ages use those mechanisms.
Links between Prosocial Behaviors and Caregiving Behaviors
Investigations of preschoolers' interactions with infants suggest that there is a gradual onset of caregiving behavior. For example, children younger than 3 or 4 years generally have trouble attending to infant states and participating in multi-speaker turn taking interactions (Casillas 2014 , Dunn and Shatz 1989 , Howe 1991 , Shatz and Gelman, 1973 ; at 18 months they are capable of sharing, helping, and comforting their siblings, but rarely respond in these ways (Dunn and Munn 1986) . By age 4, older siblings use shorter utterances and more simplified speech when communicating with infants (Shatz and Gelman 1973) . Furthermore, as children get older, they begin to display more prosocial behaviors towards their siblings. Eisenberg et al. (1983 Eisenberg et al. ( , 1987 conducted a longitudinal study which showed that between the ages of 4 and 12 years, hedonistic (self-focused) reasoning decreases while direct reciprocity, role-taking, and approval-oriented reasoning increases. By age 9, children begin to use sympathetic reasoning and are more likely to consider situational factors when resolving moral dilemmas (Eisenberg et al. 1983 (Eisenberg et al. , 1987 . Given that children's display of prosocial behaviors increases with age, their ability to produce responsive caregiving behaviors should also be age-related. Examining infant-sibling proximal interactions as they relate to prosocial and caregiving behaviors can be advantageous to the development of early childhood interventions and child abuse prevention programs because they serve as early markers for the intergenerational transmission of parenting behaviors.
Family members are part of an interdependent, interactive network in which the behavior of each individual modifies the behavior of other individuals in the family (Hetherington 1994) . Thus, research on familial interactions can have broad impacts on several communicative and social issues, including the effects of parental behaviors on children's long-term positive developmental outcomes as well as how older children communicate with younger siblings (Zukow-Goldring 2002) . Currently, it is unclear when children begin acquiring caregiving behaviors or how these behaviors are manifested in interactions with others, particularly younger siblings. One key to determining how to prevent negative infant-caregiver relationships is to first understand when caregiving behaviors develop. By studying infant-sibling interactions in a more in-depth manner, we can pinpoint when children begin to acquire caregiving behaviors and track the development of these behaviors over the course of a lifespan -from childhood to adulthood.
The Current Study
Given that behaviors are intergenerationally transmitted and children model the behaviors of their caregivers (Leaper 2000 , Madden et al. 2015 , Neppl et al. 2009 , Serbin and Karp 2003 , the current study focused on the development of caregiving behaviors via observation of infant-sibling and infant-caregiver interactions. More specifically, we examined whether sibling behaviors resemble those of their mothers when siblings communicate with infants. We also investigated infant-caregiver and infant-sibling engagement by analyzing the promptness, appropriateness, and contingency of infant-directed responses. Twelve-month-old infants were recruited because caregiver responsiveness around this age predicts linguistic and cognitive development (Haebig et al. 2013, Tamis-LeMonda and Bornstein 2002) . Secondly, locomoting infants create more opportunities for social interactions.
The purpose of this research was to study the siblings of infants and assess the developmental trajectory of responsive caregiving behaviors in 3-to 10-year-old children. The current research, with its focus on the development of caregiving, represents a new initiative in the study of the intergenerational transmission of parenting behaviors. By determining the age at which children begin to display responsive caregiving behaviors and how their interactions with infants come to resemble those of their parents, we can better understand how to recognize and promote the transmission of positive parenting behaviors.
Method

Participants
Twenty-two infants participated in this study. Three infants had 2 or more older siblings who also participated, which resulted in a final sample of 26 infant-sibling-mother triads. The triads consisted of 12-month-old infants (M = 12.5 months, SD = 1.21), their 3-to 10-year-old siblings (M = 5 years, SD = 1.96 years), and their mothers (M = 35.8 years, SD = 4.86; age range 24-44 years). Older sibling age and gender and infant gender are listed in Table 1 . 72.7% of the mothers were white, 4.5% were black, and 22.7% were either multi-racial or of other ethnicities. All of the mothers were living with a spouse or partner. All of the mothers except one were married. The average age of the spouse/ partner was 37.5 years (age range 29-44 years, SD = 4.61).
Participants were recruited through a letter given to caregivers at the time of the infant's birth. Caregivers interested in participating in studies on infant learning and development were added to a database. These caregivers were sent a second letter when their infants were near 12 months of age, followed by a telephone call to schedule an appointment. The infant age group was held constant because we wanted older siblings to have similar amounts of experience with the infants (i.e., approximately 12 months of experience both interacting with the infant and observing the caregiver interact with the infant). Additionally, we chose this age group because older infants are able to locomote independently, which affords them the opportunity to both initiate interactions and respond to others' behaviors.
Due to experimenter error, the interaction data of one mother was omitted from this study; the sibling data for this family was used for age-group comparisons, but not for sibling-mother comparisons. Two additional infantsibling-mother triads were tested and subsequently omitted; one due to experimenter error and one because the children were step-siblings and did not live in the same household, nor did they see each other often enough to provide the older child with an opportunity to observe the mother interacting with the infant. All infants received a t-shirt, sippy cup, or bib in appreciation for their participation; older siblings received a t-shirt, toy, or stickers. 
Materials and Apparatus
The study was conducted in a large playroom. Various colorful and engaging toys (e.g., stacking cups, balls, cloth blocks) were placed on the floor of the playroom. The center of the room was completely free of obstacles (e.g., tables, chairs), which gave the participants freedom to move around the room as they chose. Infant-mother and infant-sibling interactions were recorded using a Canon FS200 video camera. The videos were later digitized, saved onto a Mac computer, and coded using EventCoder software (Goldstein and Brodsky 2006) .
Mothers completed a family demographic survey that contained questions about the parents, the sibling, the infant, and the number of people in the household. The demographic survey was administered as a paper-based survey and included an assessment of socio-economic status based on occupation, information about the number of children in the household, and marital status. The parent portions of the survey included questions about the amount of time per week the parent spent with the infant and hours of employment per week. The sibling portion of the survey assessed the amount of time per week the sibling spent with the infant, the number of hours per week the sibling spent at home, in daycare, or in school, and the gender of the sibling. The infant portion of the survey included the number of hours per week the infant spent at home, in daycare or with a babysitter, and the infant's gender. 
Procedure
Participants' interactions were recorded during two 20-minute unstructured play sessions. In the infant-mother session, the mother and the infant were provided with toys and asked to play as they normally would at home. To prevent on-the-spot learning, the sibling was not present and instead played with a research assistant in another room. Thus, the sibling was unable to observe the infant-mother interaction. In the infant-sibling session, the sibling and the infant played together while the mother sat in a chair in the corner of the room and completed the family demographic survey. First, the mother was instructed to encourage the older sibling to play with the infant. Then, she was asked to remain as quiet as possible and not to interrupt the children while they played unless she felt it was necessary for her to intervene (e.g., the infant cried and the older sibling was unable to console him/her). Siblings were simply asked to play with the infant; they were not given additional instructions. The order of the infant-mother session and the infant-sibling session was counterbalanced across participants.
Coding
The 20-minute play sessions were coded for infant behaviors and the corresponding behaviors of mothers and older siblings. Mother and sibling responsiveness were coded using a system derived from the coding schemes of Gros-Louis et al. (2006), Bornstein et al. (1992) , and Vollmer (2007) . Infant, mother, and sibling behaviors were classified into the following mutually exclusive categories: object-related non-vocal, object-related vocal, dyadic non-vocal, dyadic vocal, distress vocalizations (e.g., crying; for infants only), and other verbal and vocal behaviors (Table 2 ). To ensure that the categories were mutually exclusive, if more than one behavior occurred at the same time, the activity that captured the infant's immediate attention was coded. For example, if an infant vocalized while giving an object to the mother, the infant's eye gaze was used to determine if the behavior was object-related or dyadic. Additionally, distress vocalizations took precedence over all other categories. These measures were chosen because they have proven to be reliable measures of responsiveness in previous studies (e.g., Bornstein et al. 1992 , Vollmer 2007 . Object-related vocal a. Infant: Any category 1 behavior paired with a vocalization that refers to the object (e.g., infant makes an object-directed vocalization while looking at a ball) b. Mother/Sibling: Any category 1 behavior paired with a vocalization that refers to the object; must be attempting to reorganize the infant's attention towards the object (e.g., infant makes an objectrelated vocalization while looking at a ball; mother says, "Look at the ball!")
Dyadic non-vocal Face-to-face interaction that involves eye contact and/or physical contact (e.g., touching)
Dyadic vocal Any category 3 behavior paired with a non-cry vocalization (e.g., babbling, cooing, talking) Distress vocalization (coded only for infants)
Crying or extreme fussing
Other vocal
Any vocalization that does not fit within the above vocal categories (i.e., object-related vocal, dyadic vocal, distress vocalization) Other object-related nonvocal (coded only for mothers and siblings) Any object-related non-vocal behavior that does not involve interaction with the infant (e.g. manipulating an object other than the one the infant is focused on).
Mother and sibling behaviors were only credited as responsive if they 1) occurred immediately after the infant's behavior, 2) occurred within 5 seconds of the infant's preceding behavior (Bornstein et al. 1992) , and 3) were relevant to the infant's behavior (i.e., prompt, contingent, and appropriate). If the infant performed multiple consecutive behaviors before the sibling or mother responded, the sibling or mother was only credited with responding to the last behavior. For example, if the infant emitted three vocalizations in a row and the mother only responded to the third vocalization, the mother would be considered 33% responsive. If, on the other hand, the mother responded after every infant vocalization, the mother would be considered 100% responsive. Sibling and mother responses did not have to match the infant behavior. For example, if an infant performed an object-related behavior, the sibling's responding behavior did not have to be object-related as well. As long as sibling and mother responses met the three previously mentioned criteria, they could respond with any of the behaviors and be credited as responsive. Given that other vocal and other object-related non-vocal behaviors did not involve interaction with the infant and were not based on the infant's actions, they were not credited as responsive behaviors.
Intercoder Reliability
There were four coders for this study. Prior to coding for this study, each coder completed six to ten hours of video-coder training; the author trained all coders. Training consisted of coding three 20-minute practice videos, which consisted of two infant-mother play sessions and one infant-sibling play session. Practice videos were chosen such that the mothers and sibling varied in levels of responsiveness and types of caregiving behaviors. Throughout training (i.e., before, during, and after practice coding sessions), coders and the author discussed the behavior categories and how each infant, mother, and sibling behavior should be coded. After each practice video was coded, the author compiled a spreadsheet and showed the coders their reliability measures. Reliability was calculated using percent agreement. Discrepancies were discussed and, if necessary, the practice videos were recoded. When intercoder reliability reached greater than 90% for the third practice video, coding began for the current study.
On average, it took coders 1 to 1.5 hours to code a 20-minute video. To check intercoder reliability, two videos were selected for recoding. The first 10 minutes of each video was recoded, which resulted in 20 minutes of recordings for reliability checks. Percent agreement for the recoded videos ranged from 80% to 98%. Intercoder reliability was also measured by computing intraclass correlation coefficients (ICC). ICCs ranged from .70 to .98. Coder 1 coded 45% of the videos. Coder 2 coded 19% of the videos. Coder 3 coded 19% of the videos. Coder 4 coded 17% of the videos.
Results
Level of Responsiveness
Sibling and mother level of responsiveness to each infant behavior was analyzed. Level of responsiveness was calculated as the number of times a sibling or mother responded to a behavior divided by the number of times the infant performed the behavior; thus, level of responsiveness was calculated as a proportion (e.g., 88 mother responses/157 infant objected-related vocalizations = .56 level of responsiveness to infant object-related vocalizations). Multivariate Analysis of Covariance (MANCOVA) was used to control for older siblings who were from the same family (see Table 1 ). Family was coded using weighted effect coding to account for the unequal sample sizes of singlesibling participants (n = 19) and multi-sibling participants (n = 7). The effect of sibling age on level of responsiveness for each infant behavior was analyzed. The independent variable, age, included nine levels: older sibling ages 3, 4, 5, 6, 7, 8, 9 , and 10 years and the mother (i.e., the levels were categorical; the mothers' ages were not further defined into categories). The five dependent variables were the level of responsiveness to each infant behavior: infant object-related non-vocal responsiveness; infant object-related vocal responsiveness; infant dyadic non-vocal responsiveness; infant dyadic vocal responsiveness; and overall responsiveness (see Table 3 for descriptive statistics of infant behaviors, responses, and level of responsiveness by age). Preliminary analyses evaluating the assumption of homogeneity of regression slopes for the MANCOVA indicated there was not an interaction between age and family; thus, the assumption was supported for level of responsiveness for all infant behaviors (all p > .255). Note. Level of responsiveness was calculated as the number of times a sibling or mother responded to a behavior divided by the number of times the infant performed the behavior (i.e., responses/infant behavior).
The MANCOVA was significant and there was a significant effect of age after controlling for the effect of being in the same family (Table 4) . Level of responsiveness varied as a function of age and there was a strong relationship between the two variables, as indicated by partial η 2 values for age ranging from .33 to .84. The effect of family as a covariate was not significantly related to level of responsiveness (all p > .559, Table 4 ). Follow-up tests were conducted to evaluate pairwise differences among the adjusted means for age. Bonferonni pairwise comparisons indicated that 3-, 4-, 5-, and 6-year-olds did not differ significantly in their responses to any of the infant behaviors (all p>.05). Because follow-up tests showed no differences, in subsequent MANCOVAs, the data for children in these age groups were collapsed to create an age group called 3-6 years.
Similarly, older siblings who were 7, 8, 9, and 10 years of age were combined into an older age group called 7-10 years. As is consistent with previous research, few of the mothers had both a 12-month-old infant and a child older than 6 years (see e.g., Wineberg and McCarthy 1989 , U.S. Census Bureau 2010 , Cancian and Reed 2009 . Because the sample size of siblings older than 6 years was small and the level of overall responsiveness for these siblings was similar, the data were combined. Additional MANCOVAs were conducted using combined age groups as the new independent variable. Sample sizes for the combined age groups were: 3-6 years n = 21, 7-10 years n = 4, and mothers n = 21 (see Table  5 for descriptive statistics of infant behaviors, responses, and level of responsiveness by combined age groups). In analyses with combined age groups, controlling for participants being in the same family, there was a significant effect of age with partial η 2 values ranging from .15 to .78 (Table 6 ). The effect of family was not significantly related to level of responsiveness for any of the variables (all p > .649, Table 6 ). Planned Bonferonni pairwise comparisons revealed that there were significant differences in sibling and mother level of responsiveness to all infant behaviors (Table 7 ). There were also significant differences in levels of responsiveness between the 3-6 and 7-10 age groups. Overall, siblings in the 7-10 age group were more responsive than siblings in the 3-6 age group (3-6 years age group level of responsiveness mean range: .08-.13, 7-10 years age group level of responsiveness mean range: .25-.62; Table 7, Figure 1, Figure 2, Figure 3 ). Mothers' level of responsiveness to all infant behaviors was significantly different from children in the 3-6 years age group. When compared to 3-to 6-year-olds, mothers were more responsive to infant object-related non-vocal, object-related vocal, dyadic non-vocal, and dyadic vocal behaviors (all p < .036). In terms of overall responsiveness level, mothers responded to 56% of infant behaviors while 3-to 6-year-olds responded to 10% of infant behaviors (p < .001; for pairwise comparisons and responsiveness levels see Table 7 , Figure 1, Figure 2, Figure 3 ).
Figure 1. Mean Level of responsiveness to Infant Object-related behaviors by combined Age Group
Mothers and Older Siblings in the 7-10 Years Age Group did not differ significantly in Level of responsiveness to Object-related behaviors. Mothers and 7-to 10-year-olds differed significantly from 3-to 6-year-olds. Significant differences are denoted by an asterisk (*). Error bars represent standard errors
Figure 2. Mean Level of responsiveness to Infant Dyadic behaviors by combined Age Group.
Older Siblings in the 7-10 years age group did not differ significantly from 3-to 6-year-olds in level of responsiveness to infant dyadic behaviors. 7-to 10-year-olds also did not differ significantly from mothers. Mothers had a higher responsiveness level than 3-to 6-year-olds and differed significantly from the 3-6 years age group. Significant differences are denoted by an asterisk (*). Error bars represent standard errors Mothers and older Siblings in the 7-10 Years Age Group did not differ significantly in Overall Level of Responsiveness. Mothers and 7-to 10-yearolds differed significantly from 3-to 6-year-olds. Significant differences are denoted by an asterisk (*). Error bars represent standard errors. In contrast, mothers' level of responsiveness to infant behaviors was not significantly different from siblings in the 7-10 years age group. Mothers and siblings aged 7 to 10 years had the same level of responsiveness to infant object-related non-vocal, object-related vocal, dyadic non-vocal, and dyadic vocal behaviors (all p = 1). For overall responsiveness, mothers responded to 56% of infant behaviors and 7-to 10-year-olds responded to 50% of infant behaviors (p = 1; Table 7 , Figure 1, Figure 2, Figure 3) . The results indicate that 7-to 10-year-old siblings' level of responsiveness to infant behaviors is similar to their mothers' level of responsiveness. This pattern is based on a small sample size and emerged as a result of the similarities between the levels of responsiveness displayed by the four siblings in the 7-10 age group.
Comparisons of the two sibling age groups revealed that the 7-10 years age group differed from the 3-6 years age group in their level of responsiveness to infant object-related behaviors (object non-vocal and object-related vocal behaviors, p < .001; Table 7, Figure 1 ) and overall responsiveness (p < .001; Figure 3 ). Level of responsiveness was not different for dyadic behaviors (dyadic non-vocal p = 1 and dyadic vocal p = .292; Table 7, Figure 2) . Age differences in level of responsiveness to object-related and dyadic behaviors indicate that older siblings may respond selectively to certain behaviors. In particular, siblings in the 7-10 years age group were more likely to respond to object-related behaviors than dyadic behaviors, indicating that although 7-to 10-year-old siblings' level of responsiveness was similar to their mothers', siblings in this age group did not respond exactly like their mothers. Differences in dyadic responsiveness may be attributed to the fact that infants did not emit any dyadic behaviors during play sessions with their 7-and 8-year-old siblings. Thus, although 7 and 8 year olds responded to the infants' behaviors, they were never given the opportunity to respond to infant dyadic behaviors because the infants did not display dyadic behaviors during those play sessions (see Table  3 ).
It is important to note that pattern of responsiveness for 7-to 10-year-old siblings cannot be attributed to one child in the 7-10 age group. For example, although the 9-year-old exhibited high levels of object-related responsiveness and the 10-year-old exhibited high levels of dyadic responsiveness, excluding the data for either one or both of these participants did not significantly affect the results of the group comparisons. When one participant was excluded, siblings in the older age group were not significantly different from mothers in their levels of responsiveness to object-related non-vocal behaviors, objectrelated vocal behaviors, dyadic non-vocal behaviors, dyadic behaviors, or overall level of responsiveness (all p > .05). Similarly, when both participants were excluded from the analyses, siblings in the older age group were not significantly different from mothers in their levels of responsiveness to any of the infant behaviors (all p > .05).
An independent-samples t-test was conducted to compare the level of responsiveness of male and female older siblings. Males (n = 12) and females (n = 10) in the 3-6 years age group differed in their level of responsiveness to infant object-related non-vocal behavior, t(20) = 2.54, p = .02, but not to any other behavior (all p > .07). Males (n = 1) and females (n = 3) in the 7-10 years age group did not differ in their level of responsiveness to any of the infant behaviors (all p > .05). However, given that gender role expectations and gender intensification increase during early adolescence (see e.g., Galambos et al. 1990 , Crouter et al. 1995 , a larger sample size of 7-to 10-year-old siblings may yield different results.
Additional Influences on Level of Responsiveness
Pearson product-moment correlation coefficients were computed to assess the relationship between siblings' overall responsiveness and other mother or sibling factors. For the following analyses, sibling age was used rather than age group. Mother work status (i.e., inside or outside the home, r = .42, n = 26, p = .03), hours per week that older siblings spent at school (r = .64, n = 26, p < .001), number of times per week that the older sibling "read" books (i.e., reading was loosely defined as the older sibling using a book to tell the infant a story by either looking at the pictures or reading the words) to the infant (r = .54, n = 26, p = .005), and hours per week that the older sibling was required to babysit the infant (r = .891, n = 26, p < .01) were significantly positively correlated with overall responsiveness. Total hours per week that the older sibling spent with the infant (r = -.194, n = 26, p = .34) was not significantly correlated with overall responsiveness. Given the strong correlations between level of responsiveness and the abovementioned factors, multiple regressions were conducted to assess which factors were the best predictors of level of responsiveness to each infant behavior (i.e., levels of responsiveness to infant object-related and dyadic behaviors were included as dependent outcomes). Backward stepwise regressions was conducted in which all factors were included in the initial model and then each non-significant factor was removed until the best, and final, model emerged. The best predictors of level of responsiveness were sibling age and hours per week that the older sibling was required to babysit the infant. Although siblings in the 7-10 age group (M = 6.5 hours per week, SD = 3) were required to babysit more than siblings in the 3-6 age group (M = .13 hours per week, SD = .28), there were five younger siblings (ages 3 [n = 1], 4 [n = 1], 5 [n = 2], and 6 [n = 1]; M = .55 hours per week, SD = .33) who had regular babysitting responsibilities. Results of the object-related non-vocal regression indicated that hours spent babysitting explained 86% of the variance (F(1, 24) = 150.55, p < .001; Table 8 ). Hours per week spent babysitting and hours per week that the older sibling spent with the infant (R 2 = .76, F(2, 23) = 39.67, p < .001; Table 8 ) were the best predictors of responsiveness to object-related vocal behavior. Responsiveness to dyadic non-vocal behavior was best predicted by age and hours spent babysitting (R 2 = .34, F(2, 23) = 7.31, p = .003; Table 8) while responsiveness to dyadic vocal behavior was best predicted by age alone (R 2 = .36, F(1, 24) = 14.95, p = .001; Table 8) . Siblings' overall level of responsiveness was best predicted by age and hours spent babysitting (F(2, 23) = 61.48, p < .001; Table 8 ); these two predictors explained 83% of the variance in overall level of responsiveness. Thus, in addition to age, the amount of time that siblings were required to take on the responsibilities of a caregiver resulted in increased levels of responsiveness to infant behavior.
Sequential Data Analysis
To assess social learning of caregiving behavior, older siblings' responsiveness behaviors were compared to their mothers using sequential data analysis (see e.g., Bobbitt et al. 1969 , Fisher and Sanderson 1996 , Hofmann et al. 1999 , Jeong 2005 , Kogan and Wimberger 1966 , Lii 1981 , Olson et al. 1994 , Pan 2010 , Sawin et al. 1977 , Sigel and Parke 1987 , the behavioral coding procedure did not change and was the same as the coding procedure described above in the Method section). Sequential analyses were used to identify recurring behavioral patterns. For example, after an infant emitted a dyadic vocalization, with which behavior (e.g., dyadic non-vocalization, dyadic vocalization) were mothers most likely to respond? Was the probability of responding with one type of behavior greater than the probability of responding with another type of behavior? Were older siblings' responsive behavioral patterns the same as their mothers' patterns? Sequential analyses allowed us to examine these questions and determine which behavioral sequences occurred at rates that were significantly greater than chance. For the following analyses, a behavioral sequence consisted of two behaviors -an initial behavior and the behavior immediately following it (i.e., lag 1 analysis).
Lag 1 sequential analyses were conducted using repeating consecutive behaviors (Bakeman and Quera 1995) . For repeating consecutive analyses, all infant, sibling, and mother behaviors were examined. Consecutive behaviors provided a more detailed measure of how the infant and mother/sibling interacted during the 20-minute play session. In these analyses, we were also interested in how infants responded to mother/sibling-initiated behaviors. Hence, the analysis was bi-directional and the first behavior in a behavioral sequence could be either an infant-initiated or a mother/sibling-initiated behavior. For a repeating consecutive behavior analysis, a behavioral sequence of infant dyadic vocal (idv), infant dyadic vocal (idv), sibling dyadic vocal (sdv), infant object-related non-vocal (ion) would result in an idv to idv frequency of 1 and a transitional probability of .50, an idv to sdv frequency of 1 and a transitional probability of 1, and an idv to ion frequency of 0 and a transitional probability of 0. Sequential data analysis comparisons were performed using O'Connor's (1999) SEQGROUPS SPSS syntax program.
Sibling and Mother Sequential Data Comparisons
Repeating consecutive behaviors allowed us to more closely examine the frequency and transitional probability from infant behavior to sibling or mother behavior. Thus, we could compare the individual response patterns of older siblings to those of their mothers. The repeating analysis also provided a bidirectional measure of how participants were responding to each other during the play sessions. It allowed us to examine which behaviors siblings and mothers were most likely to respond to as well as which sibling and mother behaviors infants were likely to respond to. In particular, we looked at behavioral patterns and examined whether certain behaviors were more likely to follow others.
Individual sequential analyses were performed for every triad. For each triad, sibling-mother comparisons based on likelihood ratio chi-square tests revealed that there were significant differences in the behavioral patterns of infant-sibling interactions compared to infant-mother interactions (Likelihood Ratio Chi-Square ranged from χ 2 = 204.57 to χ 2 = 1262.41, df = 132, p < .001). To compare the transitional probabilities of initial behaviors and following behaviors in infant-sibling and infant-mother interactions, the data for all sibling interactions were combined and compared to the combined data for all mother interactions.
The behaviors most likely to follow infant object-related behaviors, infant cries, and other infant vocal behaviors differed most for the two types of interactions. During infant-sibling interactions, infant object-related non-vocal and infant object-related vocal behaviors were most often not responded to and siblings engaged in other vocal and non-vocal behaviors (i.e., soo and sot) that were not related to the object the infant was focused on (Table 9) . Similarly, siblings were not likely to respond when infants cried or when infants engaged in non-dyadic vocal behaviors. Siblings, however, did respond to infant dyadic behaviors. Approximately 50% of infant dyadic vocal behaviors were followed by sibling dyadic vocal behaviors.
Mothers were most likely to respond to infant behaviors with dyadic vocalizations (Table 10) . With the exception of infant object-related non-vocal behaviors, which were most likely followed by infant object related non-vocal behaviors, mothers tended to provide vocal responses to infant behaviors. Even when infants were crying, mothers responded with either other vocal behaviors or dyadic vocal behaviors. Infants were more likely to respond to both sibling and mother behaviors with infant object-related non-vocal behaviors. It is important to note that siblings and mothers were inclined to repeat their previous behaviors, which resulted in higher transitional probabilities from sibling-to-sibling and motherto-mother behaviors than from sibling/mother behaviors to infant behaviors. For example, the transitional probability that an infant would respond to a sibling/mother behavior with an iov, idn, or idv was less than .1 for both infant-sibling and infant-mother interactions. However, the probability that a sibling/ mother would respond to her own behavior ranged from .25 to .45.
Discussion
As predicted, level of responsiveness to infant behaviors was age-related. An analysis of level of responsiveness to infant behaviors revealed that the way older siblings interact with their infant siblings comes to resemble the interactive style of their mothers after age 6. More specifically, siblings in the 3-6 years age group had difficulty attuning to the infant and did not provide a significant amount of responsive feedback. Although siblings, in general, tended to respond to infant behaviors with non-responsive other behaviors, 3-to 6-year-old siblings displayed non-responsive behaviors more often. Older siblings, aged 7 to 10 years old, were more responsive to infant behaviors and they exhibited levels of responsiveness similar to those of their mothers.
Given that 7-to 10-year-olds differed from 3-to 6-year-olds in responsiveness to object-related behaviors but not dyadic behaviors, types of responsive caregiving behaviors may also develop with age. Younger siblings responded to infant dyadic behaviors (i.e., behaviors directed at them), but not to infant behaviors directed at objects. Thus, younger siblings were more adept at engaging in dyadic interactions than they were at participating in object-related joint attention activities. Although they responded to face-to-face interactions, younger siblings were more inclined to play with one object while infants played with another object; younger siblings showed a preference for playing with their own toys. Occasionally, sibling object-related responsiveness occurred because the sibling wanted an object that the infant was playing with, which required the sibling to focus on the same object as the infant.
In particular, siblings engaged in more other, non-responsive behaviors and provided infants with an interaction environment that was substantially different from the environment provided by mothers. Mothers, in contrast, responded to both object-related and dyadic infant behaviors. Moreover, infants were less vocal during interactions with siblings as compared to mothers. Infants also emitted more responsive behaviors during infant-mother interactions. Mothers' responsiveness may have encouraged infants to respond in kind and also be more responsive. In contrast, siblings' lack of responsiveness limited the amount of interaction between siblings and infants; siblings did not respond to infant behaviors, thus infants were less likely to exhibit behaviors that would encourage a sibling response.
An analysis of family demographics indicated that siblings who read to infants, attended school, were required to babysit, or had mothers who worked inside the home were more responsive to infant behaviors. Although having a mother who spent a majority of her time at home caring for the family may have provided more opportunities for older siblings to engage in observational learning of behaviors, the influence of other types of interactions show that siblings learn interaction behaviors from multiple sources. Reading aloud, participating in school activities, and babysitting all require siblings to engage in social behaviors which may, in turn, foster their ability to interact responsively with infants. Skills that may be enhanced include turn-taking, prosocial responsiveness, joint attention, and monitoring the body language, facial expressions, and mood of one's interaction partner.
Although it can be argued that children learn a majority of their responsiveness and caregiving behaviors via observational learning, it can also be argued that older siblings do not learn these behaviors through the observation of infant-mother interactions. Instead, older siblings may learn through their own experiences with their mothers (i.e., they learn to interact with their children in a manner which is similar to the way their parents interacted with them). If this is the case, then personal experience should be added as an additional source of responsiveness and caregiving behaviors. To test this source, we would need to conduct a longitudinal study with children who have siblings and children who do not to see which family model results in the greatest intergenerational transmission of responsiveness and caregiving behaviors.
Limitations and Future Directions
While the present study has a number of strengths in that it has provided insight into when and how siblings model the behaviors of their mothers, it also has some limitations. For example, an assessment of gender revealed that the responsiveness behavior of male and female siblings was not significantly different. It is possible that the siblings in this study were too young to allow for an accurate assessment of gender differences. These differences may become more apparent during adolescence when children are developing their identities, exploring their gender status, participating in gender-typical school and home activities, and displaying more gender-typed behaviors. An assessment of maternal responsiveness for siblings older than 10 years of age would help clarify the age at which gender differences emerge during infant-sibling interactions.
A longitudinal, in-home study that follows multiple families would be beneficial in that it would provide a continuous record of responsiveness and caregiving behaviors. Furthermore, a longitudinal study would provide additional insight into the effects that differences in sibling age, household size, birth order, and sibling spacing have on the trajectory of responsiveness and caregiving behaviors. A longitudinal study could also be used to evaluate the types of caregiving behaviors that are transmitted from one generation to the next. Do other mutually exclusive behaviors emerge with increases in family size or access to family members from multiple generations? What other familial situations provide older siblings with opportunities to learn responsiveness and caregiving behaviors? Are ethnicity and socio-economic status influential factors in the intergenerational transmission of caregiving behaviors?
The majority of the participants in this study were white and from middle to upper-middle class families. Different behavioral and responsiveness patterns may emerge if this study were conducted with families of different socio-economic and cultural backgrounds (see e.g., Kärtner et al. 2010 , Klarin et al. 2014 , Rabain-Jamin 2001 , Tanaka et al. 2009 . Additionally, in cultures (e.g., the Wolof of Senegal; Rabain-Jamin 2001) where older siblings are expected to do a majority of the caregiving, even younger siblings may be more responsive to infant behaviors. If that is the case, we would expect to see fewer differences between age groups and an earlier emergence of caregiver-like responsiveness levels in cultures where sibling childrearing is common.
Knowing the onset of caregiving behaviors would help identify a timeframe in which a positive caregiving intervention would be most helpful for at-risk families. Through the exploration of infant-sibling interactions, behavioral research can shed light on how to design intervention programs for caregivers and children in at-risk families. The interventions would focus on responsive, positive caregiving in contrast to harsh, negative caregiving. By combining our knowledge of which positive behaviors are displayed during infant-caregiver and infant-sibling interactions, we can develop interventions that are doubly beneficial in that they increase responsiveness to infant behaviors and further the intergenerational transmission of positive, learning enhancing caregiving behaviors.
The mutually exclusive categories of behaviors employed herein provide a useful way to assess the behaviors of families from a myriad of cultures and backgrounds. The technique offers an easy way to explore infant-sibling and infant-mother interactions without requiring the assumption that only primary caregivers provide responsive caregiving behaviors. The categories are also beneficial to the study of the intergenerational transmission of caregiving behaviors in that the behaviors analyzed are not culture specific. Thus, they provide a measure of flexibility that other responsiveness and caregiving behavior categories may not offer.
